It is clear that the selection of the best possible algorithm for a computer program is essential for the creation of a useful tool. After this first step is taken, however, the usefulness of such a program may be greatly enhanced or impeded by the way it is implemented. We illustrate this point by describing our implementation of the well known FASTP/FASTN algorithm in an interactive software environment.
INTRODUCTION
We introduced a molecular biology environment, now called the Cyborg environment, for microcomputers (1). The idea was to introduce a system which was independent of computer or operating system, intuitive for the molecular biologist to use and which took over as much of the tedium as possible, freeing the scientist to think and try out ideas. Access to data is simple and transparent, whether from the user's own files, in a variety of formats, or from a large database.
Here we describe how the environment can add greatly to the performance of a common task. We use the example of a global database search. As one might expect, the environment makes running such a job simpler and more flexible. Perhaps less expected at first glance, the environment can also be used to compensate for some of the inherent problems with the method and to add a new dimension of flexibility in studying the results of the search.
METHODS
The software described is the Cyborg environment, available through International Biotechnologies, Inc. All examples given are based on performance on a slow (6 mhz.) IBM AT with 640 kbytes of memory and a 30 mbyte hard disk. The system also currently runs on IBM PC, XT and Personal System 2, and compatibles under MS-DOS version 2.11 or higher. At the time this article was written the environment had been implemented on the Macintosh SE i IR L Press Limited, Oxford, England.
but was not yet available for distribution.
The global database search is derived from FASTP and FASTN (2, 3). Explicit permission was obtained from the authors to use the code. It involves generating a hash table to rapidly locate uninterrupted regions of match between a query sequence and a library of sequences. The user is then prompted to optimize a certain number of matches, that is to perform a more time consuming alignment which allows insertions and deletions.
In this implementation FASTP and FASTN have been combined into a single program which uses replaceable scoring matrices. In this sense it resembles a similar combined programed called FASTA, however this is a case of convergent evolution. The program has many features FASTA does not.
It can search a compacted version of the National Biomedical Research Foundation (NBRF) protein database with a protein query sequence, the GenBank (R) floppy disk nucleic acid database with a nucleic acid, the GenBank (R) floppy disk nucleic acid database with a protein query sequence, and any individual nucleic acid or protein files in any of several additional formats.
When searching with a nucleic acid, it automatically searches BOTH strands of the library sequence, not just one as is commonly done (in FASTA/FASTN, among others). When searching the nucleic acid database with a protein, it translates the library sequences in all six frames "on the fly", and comparisons are done as proteins. The results are displayed as protein alignments, but the numbering of the nucleic acid is correctly preserved.
One of the problems of such a two pass database search is that one may locate initial unbroken matches of relatively low score which can achieve very significant scores when insertions and deletions are allowed. Since such initial low scores may be well down in a list of hundreds or thousands of matches, the user may never have the program optimize them. Thus significant matches may be missed.
All database searches supported in the Cyborg environment can run in one of three modes. In the first mode, only initial scores are saved, similarly to FASTP/FASTN/FASTA. At the end of the search, instead of asking how many alignments to optimize, the program automatically optimizes them all, then presents the user with an list ranked by optimized score, instead of by initial score. However, the best mode to run the program in is the "Save Align" mode, in which EVERY alignment with a score greater than the cutoff is optimized on the fly, and a compact representation of the alignment is saved. The top 300 optimal scores from the complete search are then presented to the user. The compact representation of the alignment makes the unique interactive display described below possible. There is a third, Figure 2B ). In this case we have selected the signal peptide. We can then ask the program to rescore the optimized score ONLY over the defined subinterval. In this example, we are asking to rerank all entries based only on their similarity to the signal peptide of human gastrin. In less than a minute, we have quite a different map ( Figure 2C ) or aligned sequence display ( Figure 2D ). If these look useful, we can print a hard copy of this result as well. Interactively, we can then work through many different aspects of our data to obtain maximal insight.
DISCUSSION
We have seen how two common molecular biology computing tasks can be greatly enhanced through the use of an interactive user environment. In addition to ease of use and attractiveness of display, important scientific results can be gained, which would be difficult or impossible to achieve otherwise. In any new or creative science, it is essential that scientists be able to interact with their analyses, to try ideas and evaluate options quickly and easily. The Cyborg environment is a first step in that direction.
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